caviare, brazil nuts or apples. What happened was that the body had a surfeit of some particular protein and dealt with it, but in the process the adzyme became specific for that protein. After an incubation period, if more of the same protein was taken, an immediate aggregation or flocculation of the colloidal particles of the blood took place, causing asthma and its many fellow complaints.
ABSTRACT.-Simple goitre is highly prevalent in New Zealand, and there is considerable incidence of toxic goitre. The Eetiology of simple goitre seems fairly well established, and an attempt is being made to apply the data from simple goitre to the problems of toxic goitre.
Endemic goitre is of great antiquity among the Maoris, and has been described among Europeans for about fifty years. It occurs in both men and animals. At. five years its incidence is similar in boys and girls, later it decreases in boys but increases greatly in girls. It is often hereditary, and many children are born goitrous. In children it is generally small, but may enlarge and cause pressure, myxcedema and toxicity. Its incidence varies greatly in different districts.
The only cause found consistent with this variation in distribution is lack of iodine in the soil. An inverse ratio has been demonstrated between the iodine content of the soil and the incidence of goitre in school children in thirty-three districts. The iodine content of the soil is reflected in the food raised upon it.
The daily iodine intake was estimated at 35 microgrammes in a non-goitrous, and at 20 microgrammes in a goitrous district.
The amount of iodine involved is infinitesimal, and its intake can be ensured by the use of salt for ordinary consumption, which contains four parts per million of potassium iodide.
Toxic goitre is also frequent: in this connexion, the influence of iodine on the thyroid has been investigated. If starved of iodine the thyroid adapts itself either by increasing its colloid or by a diffuse hyperplasia, both may occur in different parts of the same gland. Simple goitre is the response of the healthy thyroid to iodine deficiency, the responding areas may be diffuse or adenomatous, and degenerations may occur. Such goitres may be treated with iodine, in children re-adjustment to the increasef intake is readily made, but in adults long accustomed to a low intake, excess often ca6uses too great hormone production, with toxic symptoms, hence the minimal dose alone is permissible in iodized salt.
Goitre stored with iodine at low pressures may become toxic under stress, and this may be precipitated by iodine. The prevalence of toxic goitre may be partly due to the prescription of iodides in therapeutic doses for common ailments.
Diffuse colloid goitre may subside under physiological iodine, the adenomatous is more prone to toxic symptoms and may go on to secondary Graves' disease or to myxcedema. Diffuse hyperplasia is a possible manifestation of iodine deficiency as primary Graves' disease.
Lugol's solution probably allows of a temporary storage in this condition. Iodine has certainly some bearing on the problems of toxic goitre. GOITRE is highly prevalent in New Zealand. As in all countries where that condition is endemic, it presents two series of problems, those of simple or nontoxic goitre, and those of toxic goitre. The two are discussed separately here. It is believed that the essential ctiology and pathology of simple goitre, as regards New Zealand, are fairly well understood, and that the condition can and will be prevented when the medical profession and the public are sufficiently alive to the facts. Toxic goitre, on the other hand, is one of the most difficult subjects in medicine; although of common occurrence in New Zealand, it is only recently that any coordinated study of it has been attempted there; at present an effort is being made to apply the knowledge derived from the study of simple goitre to the more complex problem, while it is lully realized that there are other important factors involved. The views put forward on toxic goitre are therefore admitted to be speculative. ENDEMIC GOITRE.
Simple or Non-toxic Goitre. Historical.-Goitre has been prevalent in New Zealand in some districts as far as Maori tradition goes back. In the Urewera district in the North Island, an inland and inaccessible forest region, where the most primitive existing Maoris are found, the condition is common, and was found in 18 per cent. of 300 persons examined in a recent survey [1] . It is there known as "tenga," and this word has been used for it for many generations. The Coastal Maoris, on the other hand, for reasons which will appear, are free from goitre.
How long it has been observed among Europeans is not clear, but it has been recorded among them for at least half of the short period of the British occupation. New Zealand was annexed to the Crown in 1840, and serious settlement began in the South Island in 1848. In 1880 Dr. Hacon was appointed to the Christchurch Mental Hospital and observed endemic goitre there, which occurred both in old residents and in recent arrivals. He reported that the attendants' children suffered from it, that a child was born goitrous, and that a death had occurred from Graves' disease [2] . Extent and Importance.-In view of the existence of goitre among the indigenous Maoris and its occurrence among Europeans within thirty years of their occupation, it is likely to be prevalent at the present time. It is not confined to human beings, but occurs among horses, cattle, sheep and dogs, among domesticated animals, and among trout kept in captivity. The investigations upon animals are not complete.
During the War 1,500 men were rejected for military service on account of *goitre, out of about 130,000 men examined, and goitre is far commorner in women than in men [3] .
The principal investigations on man are those initiated by Hercus and Eleanor Baker in Canterbury avnd Westland, and since extended to the whole country, on school children. These are taken as the most accessible and the most representative section of the population which is available. The goitres were classified in four grades, " incipient," "slight," "medium " and "large," as was done by Marine and Kimball in America [1] . In all, 92,713 children were examined [4], of whom 28,207 were found to have goitre, nearly all incipient or slight, a percentage of 30 4, nearly one child out of every three examined had a goitre. The age and sex-incidence were closely studied in 1,666 children at Timaru; great numbers arrive at school at the age of 5, with goitre, many of the parents, brothers and sisters of these children are goitrous. The incidence at this age is similar in both sexes, boys being slightly more affected than girls; with advancing age the boys' goitres often disappear, but the incidence among girls increases very greatly.
A strong hereditary influence is thus indicated. In the Christchurch Maternity Hospital 60 per cent. of the mothers are said to be goitrous, and 8 per cent. of the babies born have enlarged thyroids. It can, therefore, hardly be doubted that goitre, unless checked, will increase. It is evident that some factor in New Zealand life induces goitre in the young, and the question arises why one child is affected and two escape. It is partly to be explained by heredity. It will be shown later that the goitrous thyroid displays various histological changes in response to a particular stress. Similar changes are found in thyroids which are not actually enlarged. It appears probable that all thyroids exposed to the same stress undergo these changes, but that persons of goitrous heredity show greater enlargement, so that goitre in the second generation is likely to be more manifest than in persons whose parents were not affected.
In the great majority of cases this enlargement to meet a particular stress is moderate, and if it meets it satisfactorily there is no more than a cosmetic disability, but that is not always the case. Some teachers state that the mental acuity of school-children is lower in districts where goitre is prevalent than in others [1] . Also, goitrous patients are open to certain special risks: the thyroid may enlarge sufficiently to cause pressure symptoms; haemorrhage, fibrosis and atrophy are all liable to occur in it, after which any degree of hypothyroidism -up to actual myxcedema may be found [5] . Cretinism is at present rare, but exists; judging from Swiss experience, the risk of it is serious. Finally, a considerable number of simple goitres become toxic.
Endemic goitre in New Zealand thus presents a very large and very important problem.
Alitiology.-Hacon [21, the first to report the condition, regarded it as " miasmatic," and advised concrete foundations in houses and the lowering of the subsoil water. Colquhoun (1910) [6], discussed living matter, lime, inorganic substances and glacier-debris as possible causes and dismissed them all. He favoured a " radioactive" substance, probably present in drinking water. Drennan (1919) [7] noted the similarity of conditions in New Zealand to those reported by Marine in America; the latter had cured goitrous trout with iodine, and had found fcetal pigs born goitrous when the mother's diet was deficient in iodine, which was corrected by appropriate feeding of the sows, and he had also found a large number of schoolgirls with goitre in the Great Lakes District, and had prevented or arrested the condition with iodine. Drennan found goitrous trout in New Zealand, lambs born in a state similar to that of Marine's pigs, and a high incidence of goitre in the population. He advised the assay of food stuffs for iodine. This is the first recorded suggestion of iodine deficiency as a possible cause of the New Zealand goitre. Hercus (1921) [1, 3, 9] , working with Eleanor Baker on goitre in school-children in Canterbury and Westland in the survey mentioned above, found that the incidence in Christchurch was very high, but that in the neighbouring district of Lyttelton it was lower by 20 per cent. It was found that there was a slight contamination of the Lyttelton artesian wells from the sea, and that the Lyttelton water contained more chlorine and iodine than that in Christchurch. Hercus independently suggested that this comparative immunity was due to the iodine in the water derived from a marine source. Since that time Drennan and Hercus have been colleagues and in close co-operation, and the present views on goitre in New Zealand are entirely due to their work. The cntiology has been closely studied by Hercus. The striking fact about New Zealand goitre is that its incidence is exceedingly variable in different parts of the country. This was noted both by Hacon [2] (1892), and Colquhoun [6] ; the latter published a spot map of endemic areas in 1910. Any theory as to the atiology must account for this fact.
There are four " centres " in New Zealand with which groups of "land districts " are associated; thus in the North Island, Auckland is the centre for Auckland Province in the N.W., Wellington is the centre for Wellington, Taranaki and Hawke's Bay Districts in the S.E. In the South Island, Christchurch is the centre for Canterbury, Nelson, Marlborough and Westland in the N.E., and Dunedin for Otago and Southland in the S.W. 
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If smaller districts are taken, the differences are still more striking, as is shown below, but the bad eminence of the Christchurch centre is immediately evident, and is borne out in many directions; thus of the 1,500 recruiting rejections 1,000 were in the Canterbury Military District. Again, in the Christchurch Mental Hospital, whose inmates of course often live for very long periods on Canterbury soil, Hercus found among some 800 patients nearly 60 per cent. of the women and 50 per cent. of the men with goitre, about 20 per cent. showing huge deformities. In contrast to this Beattie [6], in 1910, reported that in sixteen years he had only seen three cases of goitre at the Auckland Mental Hospital.
There are six theories current to account for the occurrence of endemic goitre in general, namely: (1) Facal contamination of water; (2) radio-activity of water;
(3) salts dissolved in drinking water; (4) general diet; (5) geological formation; (6) iodine deficiency in diet. Hercus [1, 8, 91 has examined these exhaustively to determine how far they are applicable to New Zealand. His more intensive work has been done in Canterbury. His conclusions are set out below. It is to be remembered that his criterion of prevalence is the incidence among school Children.
(1) Fwecal Contamination of Water.-The incidence of goitre in Christchurch school-children is very high (over 60 per cent.) but the city is well-sewered; the water-supply is artesian and of a high standard of bacteriological purity. In Christchurch it cannot be due to contaminated water, and this explanation will not account for the high incidence here and the low one in Auckland (11 per cent.).
(2) Radio-activity of Water.-Artesian waters are said to be highly radio-active. This might account for goitre in Christchurch, but radio-activity is lost by exposure and rippling. The water which supplies Timaru (South Canterbury) runs for a long distance in an open race, where radio-activity must be lost, but the incidence of goitre in Timaru school children is very high. Timaru is cited as representative of South Canterbury where the incidence is 62 per cent. Radio-activity of water does not explain the incidence of goitre in this district.
(3) Salts Dissolved in Drinking Water.-In many parts of New Zealand and in some parts of Canterbury, the only water-supply is stored rain-water, which contains no salts, but this does not prevent goitre. At Blackball, where only rainwater is used, 80 per cent. of the children showed enlarged thyroids. Lime has often been considered a cause of goitre, but in Kaikoura, the only limestone district in Canterbury, the incidence of goitre is rather lower than elsewhere. In any case, nearly all the water drunk is taken as tea, and therefore boiled, so that most of the lime-salts are precipitated.
Water-supply can have very little to do with New Zealand goitre: there is a record of ewes producing goitrous lambs when fed only on grass and turnips and getting no drinking water at all.
(4) General Diet.-There is evidence that excessive protein and also excessive fat in the diet may induce goitre. In New Zealand, however, the diet throughout the country is remarkably uniform, and there is a striking absence of local delicacies such as Scotch oatcake or Devonshire cream. There is no sufficient difference in the articles of food used in Auckland and Christchurch to account for the variations in goitre.
It is, however, of importance in this investigation that the bulk of the food consumed in any district in New Zealand is locally produced.
(5) Geological Formation.-This is of the first importance for the goitre problem in New Zealand, but in rather a special sense. In Europe, goitre is said to occur on carboniferous and silurian systems, but in New Zealand this generalization does not hold. Goitre-incidence depends on geology in the sense that it is determined by the presence or absence of certain salts in the soil, but their amount is too small to be of general geological interest. The presence of these salts in a given soil depends on the origin of the rocks from which it is derived, whether igneous or sedimentary, on the colloid nature of the soil which enables it to retain the salts against-leaching, and on the surface disposition of the soil which determines its exposure to leaching and weathering.
(6) Goitre as a Deficiency Disease.-The geological characters of the soil just mentioned determine its content in iodine, and the whole of the evidence goes to show that the incidence of endemic goitre'throughout New Zealand varies inversely with the amount of iodine in the soil, which is reflected in the iodine content of the food raised on it.
As mentioned above, some of his early field-work suggested to Hercus that the presence of iodine in the Lyttelton water might account for the reduced incidence of goitre there. Marine had arrived at and acted upon similar conclusions in America, and as long ago as 1853 Chatin had suggested that goitre was due to deficient iodine in air, food, and drink.
The main facts about iodine and the thyroid gland are briefly as follows: Iodine was discovered by Courtois in 1812, and its distribution in rocks, water, air, and foodstuffs was very fully investigated by Chatin between 1850 and 1860. Many observers have added to the knowledge of the subject, which was-summarized and extended by von Fellenberg between 1923 and 1925. He confirmed Chatin's findings in nearly all respects.
In 1896 Baumann found that iodine was a normal constituent of the mammalian thyroid, Oswald (1901) showed that it was present in the colloid. Marine and Lenhart (1909) found that the amounit of iodine in the thyroid varied inversely with the degree of hyperplasia present. Marine and Rogoff (1916) demonstrated by perfusion experiments the great affinity of the thyroid for iodine. Kendall (1916) claimed to have isolated " thyroxin," the iodine-containing hormone of the thyroid.
(Summarized from Hercus, Benson and Carter.) It is evident, therefore, that there is a relationship between iodine and the thyroid gland, and that a deprivation of iodine is likely to induce changes in it.
Hercus has submitted the theory that endemic goitre in New Zealand is due to deficiency of iodine in food to a series of most exhaustive tests in association with W. N. Benson as geologist, and C. L. Carter'and K. C. Roberts as chemists [1] , [8] .
The problem may be propounded thus: If iodine deficiency is a cause of endemic goitre it should be possible to demonstrate an inverse ratio between the incidence of goitre in different localities and the amount of iodine in the soils. Also a direct ratio should be maintained between the iodine content of the various soils and the vegetable and animal food grown upon it, since it is probable that men and animals depend on their food for their supply of iodine, though a shortage might be made good by a water-supply which happened to contain that element, as in the case of Lyttelton.
In this research the country was divided into thirty-three districts, soil-samples from each of them were assayed for iodine, and the local school-children were independently examined for goitre. Water, common salt and fertilizers were also analysed.
MY-MED. 2 *
Meantime an extensive geological research was carried out by Benson as to the distribution of iodine in soils, in relation to geological formation, the source of iodine in soils, and the incidence of goitre in relation to geographical conditions and to geological formation. The geological facts determine the amount of iodine in the soil, but the subject is too complex to be briefly summarized. A single instance may illustrate the conditions: There is a very high incidence of goitre in the Canterbury Plains. These occupy a broad stretch of country on the East Coast, and to the West is the high range of the Southern Alps, from which a number of great rivers cross the Plains. The soil is chiefly river gravel with very little colloid and very thoroughly leached. It is easy to understand that very little soluble substance derived from its original rocks is retained in it. The iodine in the soil is about four parts per 107, and the goitre incidence in the school children is about 60 per cent.
In all, some 500 different soils have been analysed. The method of chemical analysis is ignition of the soil with caustic soda, extraction of the iodide so formed with distilled water, and estimation of the iodide by a colorimetric method. A much more delicate technique was required for the estimation of iodine in foodstuffs, the one adopted is accurate to 0 * 5 microgramme (y). Full details are given in the original papers.
A very striking inverse ratio was demonstrated between the incidence of goitre among school-children in any locality and the amount of iodine in the soil. Hercus, Benson and Carter state their results as follows: "The figures for goitre-incidence and soil-iodine have been plotted as ordinates and abscisse respectively.... and a smoothed curve has been drawn through the points obtained. So closely do most of these points lie to the curve that it is apparent that an intimate connexion must exist between the amount of iodine in the soil and the incidence of goitre. Our curve indeed may be expressed approximately by the formula 360 x in which 'x' represents the amount of iodine in parts per 107 of the soil as determined by Carter's method and 'y' the percentage incidence of goitre in school-children, according to the general standard of diagnosis adopted in New Zealand." They add that for this to be perfectly true the iodine intake must be the sole factor involved, and it must be derived exclusively from the local soil, and great numbers of perfectly uniform examinations would be necessary; these conditions are not realized in practice, so that departures from the normal curve are inevitable, but the general relationship remains remarkably close.
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It is concluded therefore that the essential determining factor in the local incidence of endemic goitre in New Zealand is deficiency of iodine in the soil.
The proportion of iodine in the soil is reflected in the iodine content of the animal and vegetable foodstuffs raised upon it, which constitute the source from which human beings obtain their supply. This has been established 
137
Incidentally interesting seasonal variations in the iodine content of vegetables were demonstrated, together with other important details which do not concern the present argument.
Finally the actual iodine intake per person per day was estimated for both a non-goitrous and a goitrous district. This was done for two separate fortnights for over forty people, half in each kind of district, with the following result: 
microgrammes
Sea fish, especially shell-fish, are very rich in iodine; this explain why coastal Maoris who are large shell-fish eaters escape and have always escaped goitre, while the inland tribes suffer from it. This research bears out the conclusion that iodine deficiency is the cause of endemic goitre in New Zealand: it also demonstrates the extremely minute quantities of iodine involved. Prevention of Goitre in ANew Zealand.-If goitre is due to iodine deficiency it should be possible to prevent it by the ingestion of iodine. This is, of course, no new suggestion; HIercus found it to have been recommended by Prevost, of Geneva, in 1849, and to have been tried in Austria in 1855, and in Italy in 1859, but these attempts failed through overdosage. Marine and Lenhart (1917) gave about 3 gr. of sodium iodide for ten days in two terms to school-girls with excellent results, no normal girls became goitrous in thirty months.
In 1921, Hercus and Baker [10] gave from 40 gr. to 120 gr. per annum to schoolchildren according to age, but the administrative difficulties turned out to be very great. The results were only fairly good, 39 per cent. of the treated, and 55 per cent. of the untreated became goitrous in the course of a year. The results among those already goitrous were rather better, but the method was clumsy and unsatisfactory. As the minute dose actually required became realized, it was felt that the necessary amount could be obtained in a more evenly distributed and natural manner by the use of iodized salt for kitchen and table purposes. By this means the whole population can be reached, not merely the school-children. Iodized salt, as authorized by the New Zealand Health Department, contains four parts per million of potassium iodide.
The whole success of the prophylaxis of endemic goitre by this means depends on the recognition of the infinitesimal dose of iodine required for physiological purposes, which may be considered on the following lines: Primitive marine invertebrates have a segmental excretory system which communicates direct with the body cavity, so that the body-fluid is identical with sea-water, which contains about 3 *5 per cent. of salts, chiefly sodium chloride. Land mammals, developed from marine invertebrates, retain a body-fluid similar in saline composition to sea-water, diluted about five times, and containing about 0 73 per cent. of salts, chiefly sodium chloride. It is well known that sodium chloride derived originally from marine sources has to be artificially supplied to land-animals, especially man, and presumably the same is true of iodine, unless it is derived through plants from soil, chiefly soil of igneous origin. If the food supply comes from soil in which insufficient iodine is present, it must be artificially supplied, like sodium chloride. The iodine content of sea-water is about 0 2 parts per 107, so that if the usual proportion is maintained, the iodine content of the body fluid is probably about 0 04 parts per 107. Ascertained figures are not available to the writer, but it is evident that only minute amounts are involved.
Iodine in soil and foodstuffs is calculated in parts per i07, and the average for soils in New Zealand is twenty-seven parts. Parts per 107 are about equivalent to grains to the half ton. The unit of measurement of iodine is the microgramme (y), TUWU part of a milligramme; there are about 60,000 7 in a grain.
The thyroid is exceptionally rich in iodine. Estimates of the amount present in the normal thyroid vary between 1 and 2 milligrammes per gramme of dried substance the former is usually accepted-with a total content of 25 mgm. To maintain this, it is estimated that 10 mgm. of iodine (10,000 y) are required per annum, or 200 7 per week, or 30 7 per day.
Iodine is in very common therapeutic use, and enormous doses are tolerated in non-goitrous districts without effect upon the thyroid; it is very rapidly excreted in the urine. But in goitrous districts it is of the first importance to keep the prophylactic dose limited to the minimum required for efficiency. The reasons for this are discussed under the head of "Toxic Goitre " below. It will be seen that the doses given by Marine and Lenhart, and also by Hercus and Baker in their early work are greatly in excess of these requirements. In young children this produces no bad results, but such excess is dangerous when given to the general public in goitrous districts; as will be shown later, there is considerable risk of inducing toxic goitre by so doing.
Hercus has conducted experiments to test the safety of iodized salt of the authorized strength (four parts per 106). It is estimated that 6 grm. of sodium chloride (6 million 7) are consumed by each person daily as common salt. If -the salt contains four parts per million of iodide, the amount consumed daily is 24 y, which is sufficient to make up the difference in the amounts consumed in goitrous Canterbury and non-goitrous Taranaki. To make sure that this was well within the limits of safety, the dose was doubled in a selected community. At a Dunedin orphanage common salt containing eight parts of potassium iodide per 106 was used, with the result that after eighteen months no normal cbildren had become goitrous, and nearly 70 per cent. of the existing goitres showed a measurable decrease; no cases became toxic.
The use of iodized salt of a strength of 1: 200,000 for two years in the Canton Appenzell am Rhein in Switzerland is said to have reduced the percentage of goitrous babies born from 50 per cent. to nil, and to have reduced the operations for goitre by 76 per cent.
The view is put forward that the only important cause of endemic goitre in New Zealand is deficiency of iodine in the diet, and that it can be effectively prevented by the use of iodized salt of a strength of four parts per 106. This view is not universally held, nor at present very fully acted upon, but it is the outcome of a very extensive and very careful research, the only one which has been attempted on this subject in the country. Toxic GOITRE.
Endemic goitre is thus shown to be highly prevalent in New Zealand; the incidence of toxic goitre is also considerable. The term "toxic goitre" is here used to include exophthalmic goitre, and refers to all cases which show tachyeardia, tremor, and increase in the basal metabolic rate. Opinion is divided as to whether exophthalmic goitre should be put into a separate category, but there appear to be good grounds for the view that exophthalmos is an accidental symptom in toxic goitre, generally occurring in the hyperplastic, and also in the graver cases, but no more essential to any particular disease of the thyroid than is ophthalmoplegia essential to the diagnosis of tabes. Nearly all cases of toxic goitre show at least a stare, of which the patient is often conscious, the whole of the iris being exposed when the eye is held open without effort, and the difference between this and actual protrusion of the eyeball appears only to be one of degree.
Incidence of toxic goitre.-The number of cases of thyroid disease admitted to the public hospitals in the ten years 1916-1925 was 3,083, with a fairly steady increase from year to year. In 1925 the number was 503, which was eighty-eight per thousand, nearly one case in eleven, of the total admissions. The number of deaths from thyroid disease during the decade was 524, of which 403 were due to exophthalmic goitre. The number of thyroid deaths occurring per annum has also shown a general increase; in 1925 the number was seventy-four, which is equivalent to 0-56 per thousand of the mean population. The figures for the incidence of toxic goitre and for deaths from thyroid disease are much higher in New Zealand than in Australia.
It has been argued that endemic goitre is due to deficient iodine, and an attempt is now made to estimate the relation of iodine to toxic goitre, from which a corollary is to be drawn as to the dose which it is safe for the general public to use for prophylactic purposes in goitrous districts. This is rendered possible by the work of Drennan [5], who has been a close student of the pathology of goitre in New Zealand for more than ten years.
Iodine and the Normal Thyroid.-The thyroid gland has, no doubt, many functions, but the only one capable of measurement is the maintenance of the basal metabolic rate. It is believed that this depends on the secretion of exactly controlled quantities of thyroxin, which contains iodine. The thyroid requires a certain fairly regular supply of iodine: if a greater amount than necessary is ingested the gland takes up so much as it requires and rejects the rest, which is rapidly excreted in the urine. No harm will come to the strictly normal thyroid from excess of iodine.
The thyroid, like all organs, has great powers of adaptation, and makes certain dispositions when its supply of iodine is inadequate. These have been widely discussed by pathologists, but Drennan is only able to recognize 'two main phases, the resting, storing or colloid, and the active, secretory or hyperplastic." The thyroid may respond to deficient iodine by increasing the size and number of its alveoli, and filling these with colloid at a low concentration, or it may secrete actively without storage. A colloid goitre may show a high total iodine content, but a low content per gramme of substance. Both these conditions are to be found in thyroids examined post-mortem which were not enlarged during life. They represent the normal response to moderately deficient iodine intake, for which these thyroids were able to compensate. The simple endemic goitres show these conditions on a scale large enough to produce naked-eye enlargement of the gland. Further, the same thyroid may show increased colloid in some parts and hyperplasia in others.
The simple goitre either stores every trace of iodine which comes in increased colloid areas, or elaborates and secretes thyroxin without any storage, and different parts of the gland may perform both these varieties of function. Haimorrhage, cyst-formation, fibrosis and atrophy all occur in such thyroids, and parts of the glands may show isolated areas of increase, forming "adenomata." There is no clinical means of determining whether a given goitre is colloid or hyperplastic. The obvious treatment is to give iodine to such patients. In early stages of goitre, such as those in school children, relatively large doses may be given without risk, the yearly requirement being estimated at 10,000 7; Hercus and Baker in their early work gave 7,000,000 7, without bad results, and one school doctor gave 18,000,000 y, 69 also without harm. Presumably the young thyroid is able to readapt itself to the excessive supply and to reject what is not required.
If this were the case throughout life no precautions would be needed in goitrous districts and ordinary therapeutic doses of iodine could be given without risk, but it is not so.
In practice, if iodine in excess is given to an adult with a thyroid long adapted to a low iodine intake, toxicity is often induced, hence minimal doses only are permissible in salt designed for general use. It appears that under various conditions of stress there is a demand for increased thyroid secretion ; the simplest instances are the sexual stimuli in women: even the normal thyroid enlarges, albeit very slightly, in menstruation and in pregnancy, and it is under such stresses that simple goitres become toxic. Drennan has shown that the colloid goitre often contains a large total amount of iodine, and it may be that under the stress a "mass effect" is produced, with excess of thyroxin secreted. Young adult students, under the stress of examinations, are also liable to suffer from toxic symptoms.
In a potentially toxic goitre of this kind the thyroid either stores all available iodine or uses it for immediate internal secretion, and if excess of iodine is given, excessive secretion frequently results, with precipitation of toxic symptoms. The following are instances:-(1) A woman medical student, holding the highest place in her year, and doubtless working at very high pressure, ill-advisedly took 15 gr. of potassium iodide three times a day for her goitre, which was becoming large enough to be a disfigurement. All the signs of Graves' disease rapidly developed, and operative treatment was ultimately required.
(2) A male medical student, aged 23, had a large soft goitre, for which he took, on his own responsibility, 200 gr. of potassium iodide in nine months, rather less than a grain a day. At the end of that time he had lost a stone of weight, anld had exophthalmos, tachycardia, tremors and increased basal metabolic rate, but his goitre had quite disappeared. He recovered in a year without operation. In this view the thyroid, hitherto accustomed to a low iodine intake, and perhaps called upon by the stress of examinations to increased action, was led into hypersecretion by the iodine excess of about 40,000 y a day.
But toxic symptoms may be induced in the susceptible by very much smaller doses than these. Dr. Frank Fitchett has kindly allowed the use of the following cases from his practice:-
(3) A patient consulted him for obesity, which concealed a goitre. Potassium iodide was prescribed as an adjuvant to otber treatment. The goitre became toxic and the patient was laid aside for months with intense symptoms of hyperthyroidism.
(4) A patient with goitre consulted him for pleural effusion. The chest was painted with tincture of iodine, after which the goitre became toxic.
Finally, at a ladies' college, iodized salt was used on an American formula which contained 1 part in 5,000 of potassium iodide. This is fifty times as strong as the salt now authorized by the New Zealand Health Department, though it only implied the consumption of the not very formidable dose of Tf Zlu grain of iodide, or about 60 y a day; but after its introduction three of the students consulted Dr. Fitchett for symptoms of hyperthyroidism.
Dr. Fitchett pertinently asks how far the frequent prescription of iodides in ordinary therapeutic doses, for bronchitis or rheumatism, may be responsible for the high incidence of toxic symptoms in goitrous patients in New Zealand. Whatever other causes of hyperthyroidism there may be, and there is no pretence that iodine excess is the only one, it will be seen that iodine is no drug to play with in goitrous communities, and that when exhibited in salt for general prophylactic use, minimal Drennan has devised a schema to show the apparent influence of iodine on the thyroid, of which the elementary points are indicated in fig. 2 .
It demonstrates the following points: The normal thyroid, exposed to a deficiency of iodine, displays one of three things: (1) Diffuse colloid enlargement; (2) nodular enlargement (adenoma)-the enlargement may be either colloid or hyperplastic or a combination of the two; (3) diffuse hyperplasia.
(1) The Diffuse Colloid Enlargement.-This often remains simple; it is curable with iodine. Probably most of the goitres in children are of this kind, in whom overdosing does not matter, but for adults minimal doses are required. Such a goitre, successfully treated with iodine, is reduced unless this is prevented by cystic or other changes; it reduces its storage area, not so much now being needed, and adapts itself to the increased intake, If a patient with such a colloid goitre be subjected to stress, as from pregnancy, the mass effect may be induced; the large store of iodine, albeit at low pressure, may produce hormone in excess, and toxic symptoms may result. Iodine excess may readily precipitate toxicity.
It is true that this is not a complete explanation of the metamorphosis of simple into toxic goitre. Every case of simple goitre exposed to stress does not become toxic. The high incidence of goitre at the Christchurch Mental Hospital has been mentioned, but it is said that toxic goitre is practically unknown there. Dr. Hercus in a private communication stated that be could only find three cases with toxic symptoms in their records, although the patients were lunatics, often subject to all kinds of mental and physical stress.
The goitre, originally simple colloid, may become nodular, and is then indistinguishable from the thyroid which first responds to iodine deficiency by becoming nodular; " simple adenoma " includes both conditions.
(2) The Simple Adenoma.-This may remain non-toxic and give no more trouble than the simple colloid. On the other hand it is clinical experience that the nodular kind is more likely to become toxic and form the "toxic adenoma." Iodine in excess may induce this change, and this is the type most liable to become toxic, even to the extent of exophthalmos, under stress. These are those who have had goitre for years without symptoms, but who go down suddenly with secondary Graves' disease. This is particularly likely to occur about the menopause: Drennan suggests that such thyroids are adjusted to a low iodine intake, and when the increase of hormone secreted at the menstrual period is no longer required, the thyroid is overcharged for its needs, and toxic symptoms result. This may occur whether the enlargement is colloid or hyperplastic.
In some cases the adenomata atrophy and any degree of hypothyroidism may result.
(3) Diffuse Hyperplasia.-When the thyroid responds to iodine deficiency in this way, all the iodine received is secreted immediately in the hormone without storage.
These are the cases of manifest, rapidly developed hyperthyroidism, "primary Graves' disease," who had no goitre at all till it suddenly appeared with toxic symptoms. Admittedly, their association with previous iodine deficiency is less evident.
These are the cases which are benefited by Lugol's solution; how this happens is not quite clear. It seems that the thyroid has run on a very short ration of iodine, all of which has been used for hormone, and given this excess of iodine, it is able to perform the function of storage, which gives it a short period of quietude, during which surgical treatment is possible.
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Carmalt Jones: 'New Zealand Views on Goitre Such cases occasionally subside and revert to normal with rest and physiological doses of iodine; probably a greater number continue hyperthyroid invalids for the rest of their lives, unless operated upon; some of them become 'myxcedematous. Some of them become rapidly exhausted and die, and show no power to respond to treatment with Lugol's solution.
A case showitg complete exhaustion was the following A man of middle age was admitted with rapidly developed Graves' disease, but not very severe symptoms. He was treated with rest and the empirical drugs in common use, with slight temporary improvement, but he soon became very seriously ill, he was light-headed, extremely restless and difficult to control, and he rapidly wasted. Lugol's solution was then prescribed, though not in doses as large as those advised by Plummer, but the condition grew much worse. The surgeon who was cooperating over the case thought it imperative to operate at this point, and some of the thyroid arteries were tied, but the patient died almost immediately. Postmortem, a completely exhausted gland was found, probably quite incapable of responding to any stimulus. In this case it is just possible that thyroxin might have supplied the needs of the body sufficiently to have allowed the thyroid an opportunity to recover.
It appears to observers in New Zealand, at any rate to those who have followed the work of Hercus and Drennan sympathetically, that endemic goitre is induced by iodine deficiency, though it is not claimed that this is the only cause of thyroid enlargement. Since that gland controls the metabolic rate, it must often be called upon to act to excess, and is then as likely to enlarge as any other over-active tissue. As a gland of internal secretion it has evident-though little understood-relations with the other endocrine organs, and it enlarges at puberty, during menstruation, and in pregnancy. It often enlarges during infections; doubtless McCarrison's Indian cases are of this character, and a goitre is often reduced by the removal of a septic focus. But in New Zealand, iodine deficiency is the most important predisposing ca-use of all forms of goitre, and the infiitesimal dose involved has been emphasized above. Drennan's scheme shows how excess of iodine may precipitate toxic symptoms in a goitre adapted to a low intake of that substance. These researches are far from solving the problem of toxic goitre, but after their experiences in endemic goitre, the first contribution for New Zealand workers to make to the problem of toxicity is the investigation of the iodine problem therein. Whatever else may be involved, it is submitted that the work here summarized indicates that iodine has at least an important bearing on the occurrence of toxic symptoms.
